Objectives: The objective of our study was to measure progress toward the UNAIDS 90-90-90 HIV care targets among key populations in urban areas of 2 countries in West Africa: Burkina Faso and Togo.
Men who have sex with men (MSM) and female sex workers (FSWs) are key at-risk populations in the human immunodeficiency virus (HIV) epidemic in low-and middle-income settings. 1, 2 Because FSWs and MSM are more likely to be living with HIV infection than other sex-and age-matched adults, the need for HIV prevention and treatment programs in these populations is great. 3, 4 However, important barriers to adequate HIV-related care remain for these populations: individual (behavioral, biological), social (network, community), and structural (public policy). [5] [6] [7] Consequently, HIV prevention, diagnosis, and treatment service coverage are limited for both groups in many locations. 8 An effective HIV continuum of care-from testing for and diagnosing HIV infection to achieving viral suppression among those living with HIV infection-requires frequent and consistent engagement with health services by people who are at risk of HIV acquisition or living with HIV infection. 9 Connection to and retention in this HIV continuum of care have been shown to improve health outcomes for people living with HIV infection and decrease further transmission of HIV infection to others. [9] [10] [11] However, measuring engagement in the continuum of care among key populations is difficult because of the hidden nature of these groups, limited HIV surveillance methods, incomplete health records, and challenges in measuring HIV viral load suppression. 12 Yet, HIV service coverage estimates can be calculated, optimally by combining multiple population-size estimation methods, and this approach can form the basis for determining whether or not HIV-related service targets for FSWs and MSM are reached. 12, 13 UNAIDS and others have contributed to this process by proposing targets for engagement in the HIV continuum of care. 9, 14 The UNAIDS 90-90-90 guidelines call for the following by year 2020: 90% of people living with HIV to be diagnosed, 90% of diagnosed people to be using antiretroviral therapy (ART), and 90% of people using ART to have fully suppressed viral loads. 14 The objective of our study was to measure progress toward the UNAIDS 90-90-90 HIV care goals among FSWs and MSM in an HIV epidemic in urban areas of Burkina Faso and Togo. We chose these locations because (1) the HIV epidemic in West Africa is more concentrated in key populations than the HIV epidemics in East Africa and southern Africa; (2) study of these populations in these locations has been limited; and (3) FSWs and MSM in these countries have experienced stigma, discrimination, and policy and legal barriers that limit their access to HIV services. 15 Legal barriers include laws against solicitation of sex work in both countries and laws against same-sex practices in Togo. Our goals were as follows: (1) to measure engagement in the HIV continuum of care (ie, previous HIV testing, previous HIV diagnosis, and ART use) among a cohort of FSWs and MSM in these 2 countries and (2) with use of multiple populationsize estimation methods, to contrast our estimates for the broader populations of FSWs and MSM with the UNAIDS 90-90-90 HIV targets.
Methods

Study Population
We conducted a cross-sectional survey based on respondentdriven sampling from January to July 2013 in major cities in Togo (Lomé and Kara) and Burkina Faso (Ouagadougou and Bobo Dioulasso). Participants who were assigned male sex at birth, were at least 18 years of age, and reported anal sex (insertive or receptive) with another man in the 12 months preceding the survey were included in the study and classified as MSM. Participants who were assigned female sex at birth, were at least 18 years of age, and reported having most of their income in the 12 months preceding the survey derived from sex work were included in the study and classified as FSWs. 13 The Johns Hopkins Bloomberg School of Public Health Institutional Review Board and review boards in each country-the Ethics Committee for Health Research of Burkina Faso and the National Ethics Committee of Togo-granted approval for this study.
Sampling Method
We recruited participants using a separate, simultaneous respondent-driven sampling process at each site. 16 We initiated recruitment with 10 purposely selected, demographically diverse MSM and FSW participants in each country and continued recruitment until we reached the target sample size of approximately 350 for each group in each city. Seed participants were given 3 coupons to recruit up to 3 eligible peers from their social network, and they were given $3 in Burkina Faso and $6 in Togo for each eligible peer recruited into the study. The respondent-driven sampling methods used in this study are described elsewhere. 17 
Study Procedures
We screened potential participants for eligibility and asked them to provide informed consent. Then, participants answered structured survey questions about HIV testing history, HIV status, and ART use.
We evaluated participants' HIV status using sequential blood-testing algorithms. 17 In Burkina Faso, the Determine HIV-1/2 rapid test (Alere, Inc, Waltham, Massachusetts) was used for testing, and the ImmunoComb II HIV 1&2 BiSpot kit (Alere, Inc) was used for confirmation. Discordant results were mediated through use of the ImmunoComb II HIV 1&2 CombFirm kit (Alere, Inc). In Togo, the Determine HIV-1/2 rapid test (Alere, Inc) was also used for testing; the First Response HIV 1-2.0 card test (Premier Medical Corporation Ltd, Nani Daman, India) was used for confirmation; and discordant results were mediated with a Western blot test. Viral load testing was not conducted, because of the infeasibility of appropriate sample collection and storage. All participants were offered their HIV test results. HIV testing and counseling were conducted according to Burkinabe and Togolese national guidelines, which included voluntary post-test counseling. All participants were reimbursed for travel ($4 in Burkina Faso and $10 in Togo) and given male condoms and information on HIV.
Population-Size Estimation Methods and Implementation. We combined several population-size estimation methods to estimate the sizes of the MSM and FSW populations in each city. 12, 18, 19 We used the unique-object-multiplier method, the social-event-multiplier method, and the wisdom-of-themasses method for both populations in all 4 cities. We used the capture-recapture method only for the population of FSWs, because they operated out of sex work venues where study staff members could reliably visit them. We evaluated the population-size estimation results for assumption validity. A detailed description of size estimation at all sites is provided in the final study report. 20 The unique-object-multiplier method was based on the proportion of participants who had received 1 of up to 350 unique objects distributed by local community peer educators or community group representatives during the 2 weeks before the start of the study. Similarly, the social-eventmultiplier method used the proportion of participants who attended a social event during that same period. The multiplier formula used for both the unique-object and socialevent estimates at each site was p ¼ [1/(m/n 2 )] Â n 1 , where p was the population estimate, n 1 the number of objects distributed or people who attended the social event, n 2 the total number of study participants, and m the number of study participants who received the unique object or attended the social event. The wisdom-of-the-masses method utilized the response to the question ''How many MSM/FSWs would you guess live in your city?'' The medians of the responses at each site were used.
The capture-recapture method, reserved only for FSW populations, involved study staff members visiting 5 sex work venues in each city for the initial ''capture'' and returning 1 to 3 weeks later for the ''recapture.'' The formula was p ¼ (n 1 Â n 2 )/r, where p was the population estimate, n 1 the number of FSWs in the first capture, n 2 the total number of FSWs in the second visit, and r the number of FSWs in the second visit who were encountered in the first capture, known as the ''recapture.'' Population-Size Estimation Analysis. We estimated the proportion of each population (MSM or FSW) in each city by (1) the average of the results from the valid population-size estimation methods in each site as the numerator and (2) the total number of people living in each city who matched the study sample (by sex and age) as the denominator. We determined these denominators through the most recent census data and population projections for Togo (2010 census) 21 and Burkina Faso (2006 census). 22 We used multiple population-size estimation methods for each population in each site to provide a more accurate estimate of MSM and FSW populations and to limit overestimation or underestimation from any one method. 13 Next, we combined the estimates for the proportion of MSM and FSWs in each city and averaged them for each country to obtain an estimated proportion of MSM and FSWs in all urban settings in each country. We then applied the urban proportion results to the population of reproductive age (ie, males or females aged 15 to 49 years) in each city to determine the final estimates for the MSM and FSW population sizes in the cities of Burkina Faso and Togo. We calculated 95% confidence intervals (CIs) according to the standard deviations of the population-size estimation results at each site.
Service Coverage Analysis. We combined the resulting population estimates with data from our survey to calculate the number of FSWs and MSM in each city who were infected with HIV, previously tested for HIV infection, previously diagnosed with HIV infection, and using ART. We estimated the gap in ART implementation with (1) the number of participants who would be eligible for ART but reported not using it at the time of the survey as the numerator and (2) the number of participants who would be eligible for ART under the UNAIDS 90-90-90 guidelines as the denominator.
Statistical Methods. We conducted statistical analyses with Stata Release 12. 23 Results are presented as crude data because the population at each point in the HIV continuum of care was estimated out of people living with HIV infection, which was a subgroup of the total MSM and FSW sample in each study site, and the subgroup analyses broke the respondent-driven sampling recruitment chains, making such adjustment infeasible. 
Results
Population-Size Estimates
We estimated that in Burkina Faso, 1.2% of the female population were FSWs and 1.0% of the male population were MSM, whereas in Togo, 0.8% of the female population were FSWs and 1.7% of the male population were MSM. The estimated population of FSWs was largest in Ouagadougou (n ¼ 4988) and smallest in Kara (n ¼ 206). The estimated number of FSWs in Kara was lower than the study sample size (n ¼ 330) of FSWs in Kara because some study participants were recruited from outside the city. The estimated population of MSM was largest in Lomé (n ¼ 5499) and smallest in Kara (n ¼ 432; Table 1 ). Based on population-size estimates through the unique-object-multiplier method, social-event-multiplier method, wisdom-of-the-masses method, and (for FSWs only) the capture-recapture method. The unique-object-multiplier method used the proportion of participants who had received 1 of up to 350 unique objects distributed by local community peer educators or community group representatives during the 2 weeks before the start of the study. The social-eventmultiplier method used the proportion of participants who attended a social event during that same period. The multiplier formula used for both the uniqueobject and social-event estimates at each site was p ¼ [1/(m/n 2 )] Â n 1 , where p was the population estimate, n 1 was the number of objects distributed or people invited to the social event, n 2 was the total number of study participants, and m was the number of study participants who received the unique object or attended the social event. The wisdom-of-the-masses method used the response to the question ''How many MSM/FSWs would you guess live in your city?'' The medians of the responses at each site were used. The capture-recapture method, used only for FSW populations, involved study staff members visiting 5 sex work venues in each city for the initial ''capture'' and returning 1 to 3 weeks later for the ''recapture.'' The formula used was p ¼ (n 1 Â n 2 )/r, where p was the population estimate, n 1 was the number of FSWs in the first capture, n 2 was the number of FSWs in the recapture, and r was the total number of FSWs in 
Service Coverage Estimates
The level of engagement in the HIV continuum of care for those who were HIV infected varied by site. We found that a range of 0.6% ( Table 2) . We estimated that the number of HIV-infected FSWs was highest in Lomé (n ¼ 798) and lowest in Kara (n ¼ 21). Similarly, the estimated number of HIV-infected MSM was highest in Lomé (n ¼ 1016) and lowest in Kara (n ¼ 3). For both countries, estimates for the number of FSWs and MSM reporting previous HIV testing ranged from 1 to 876; reporting previous HIV diagnosis, from 0 to 322; and using ART, from 0 to 307 (Tables 3 and 4 ).
The estimated gap between HIV-infected people who should be using ART (per the 90-90-90 targets) and those who were using ART ranged from 31.5% among FSWs in Bobo Dioulasso to 100.0% among MSM in Kara (Tables 3  and 4 ). We also estimated that the largest number of people eligible for ART (per the 90-90-90 targets) and not currently using it was 761 (92.5%) among MSM in Lomé (Figure) .
Discussion
This study found limited engagement in the HIV continuum of care among MSM and FSWs in populations with low and high HIV prevalence. The levels of diagnosed HIV and ART treatment use were much lower than the 90-90-90 UNAIDS guidelines. Although this study found different engagement in the HIV continuum of care in different settings, a trend in all sites was that the largest gaps in the HIV continuum of care were found in diagnosing HIV infections.
The results of this study showed that, by site, a range of 41.7% of FSWs in Bobo Dioulasso to 100.0% of MSM in Kara were living with HIV infection but reported no previous diagnosis, far higher than the 10% goal set by UNAIDS. 14 This trend has been reported in other studies evaluating the HIV continuum of care, even in cities where >90% of the atrisk population reported being tested for HIV infection. 24, 25 These findings suggest that infrequent random testing alone may not be sufficient to achieve timely diagnosis of HIV infection, and they support recommendations, such as those from the Centers for Disease Control and Prevention, that call for HIV and sexually transmitted infection testing every 3 to 6 months for at-risk groups (eg, MSM) with multiple or anonymous sex partners. 26 The low proportion of previous HIV testing in our study indicates the need to scale up the frequency and regularity of testing in Burkina Faso and Togo.
Timely HIV diagnosis is an important step in the HIV continuum of care. The UNAIDS 2014 Gap Report showed that 86% of people living with HIV infection in sub-Saharan Africa who knew their HIV status were receiving ART and about 76% of these same people had achieved viral suppression. 8 The report also found that with a different denominator (ie, all diagnosed and undiagnosed people living with HIV infection), the proportion using ART was much lower (39%). Furthermore, according to the report, the proportion of people living with HIV infection who reported receiving ART varied greatly by country. Only 43% of adults living with HIV infection in Burkina Faso and 34% of adults living with HIV infection in Togo were on ART. 8 Our study confirmed these low percentages of ART use among HIV-infected participants. Strategies to facilitate frequent regular testing of at-risk populations are still needed to close the gap in HIV diagnosis. Decentralized HIV testing, counseling, care, and treatment may reduce barriers to accessing health services for these at-risk populations. 27 Self-testing may also allow at-risk populations to obtain confidential nondiscriminatory testing. 28 Although improved access to HIV testing is an important entry point into the HIV continuum of care, strategies focused on improving access to and retention in HIV treatment programs are crucial to improving the health of those living with HIV infection and decreasing HIV transmission. The clinical benefits of starting HIV treatment early were confirmed in the Strategic Timing of Antiretroviral Treatment study, which found a 53% reduction in the risk of AIDS, serious illness, or death in the early treatment group compared with the delayed treatment group. 29 Moreover, extended results from the HIV Prevention Trials Network study HPTN052 reinforced the importance of universal access to treatment to prevent HIV transmission: the results showed a 93% decrease in HIV infections after >10 000 person-years of follow-up. 30 The move to universal coverage of ART further facilitates reaching 90-90-90 HIV treatment service targets because ART initiation is not limited by CD4 levels and people can start treatment on the same day as diagnosis. [31] [32] [33] However, these linkage-to-treatment strategies that are focused on ART initiation among people who are living with HIV infection should be matched by effective retention strategies. The challenges of achieving sustained engagement in treatment and viral suppression 11, 24, 34 were affirmed by the results of a large cluster randomized controlled trial conducted in KwaZulu-Natal, South Africa, from 2012 to 2016. This trial found no change in HIV incidence at the community level when universal access to ART was provided and >90% of people living with HIV were aware of their HIV status. 35 Engagement in treatment may actually support retention in care. In a recent study on universal access to ART among MSM in Nigeria, about 80% of HIV-infected MSM achieved viral suppression after 6 months. In this study, MSM in programs that provided universal access to ART had better rates of retention in care than those who were not engaged in treatment. 36 In our study, we found that the percentages of previous HIV diagnosis and ART use among FSWs in Bobo Dioulasso were higher than among FSWs elsewhere or MSM within the same city. These higher percentages may be the result of active research projects and programs with FSWs in Bobo Dioulasso during the past 2 decades. The Yerelon cohort project, which evaluates combined prevention and treatment services for FSWs in Burkina Faso, has been active since 1998, which likely supported engagement in the HIV continuum of care in this city. 37 Ultimately, to improve engagement and retention in the HIV continuum of care, interventions are needed at every service coverage level, including HIV testing, linkage to care, program retention, Figure. (Continued) medication adherence, and viral load testing. 38 To assist with engagement and retention in the HIV continuum of care, new technology and mobile methods (eg, smartphone and Internet-based interventions) should be explored to increase the uptake of HIV services among hard-to-reach groups. 39, 40 As consideration is given to various strategies to improve entry into and continued engagement in the HIV continuum of care, governments and policy makers also need data that help inform their efforts to scale up resources for HIV services. Estimates of at-risk populations, the degree to which they are involved in the HIV continuum of care, and HIV service coverage needs are critical to this process. We demonstrated how combining population-size estimation methods to estimate the size of at-risk populations could help demonstrate geographic variability and identify gaps in HIV testing, diagnosis, and ART use. Through such estimates, it may be possible to identify geographic areas with lower involvement in the HIV continuum of care and higher HIV service coverage needs so that focused interventions can be integrated into national strategic planning or policy making. Context-specific health service coverage data combined with the UNAIDS 90-90-90 targets can help identify gaps in access to and use of HIV services in the HIV continuum of care among key populations.
Limitations
This study had several limitations. First, we did not include viral load testing results, so we could not determine the proportion of those using ART who achieved viral suppression nor compare our findings with the third component of the UNAIDS 90-90-90 targets. Second, no effective system of unique identifier codes was in place at the time of our study. Without unique identifier codes and viral load data, we could not confirm that those diagnosed with HIV infection who reported being unaware of their infection were truly new diagnoses. This lack of viral load data is noteworthy because in another setting, a substantial proportion of people who reported being unaware of their HIV infection had evidence of previous antiretroviral blood level testing and viral suppression. 41 Third, the sample size of people living with HIV infection was small in some of our sites, notably MSM in Kara. However, our population-size estimates were within the expected ranges from the region: previous studies estimated 0.5% of the total adult male population in Ghana to be MSM and 3.5% of the adult population in Nigeria to be MSM or FSWs. 42, 43 Finally, our population estimates may have been affected by several variables, potentially resulting in overestimation or underestimation. For example, we observed a challenge in engaging older people, particularly MSM (who are more likely than younger MSM to be HIV infected), in the respondent-driven sampling portion of our study. The challenge of recruiting older MSM is consistent with previous findings that older MSM have smaller social networks and are less likely to be recruited into respondent-driven sampling chains than younger MSM. 44 Other factors that may have affected our population-size estimates included that study participants may have been more likely than nonparticipants to be linked to HIV care, those more likely to receive an object or participate in a social event may also have been more likely to be recruited into the study than people who did not, and some MSM and FSWs were likely to hide their sexual orientations or occupations.
Conclusion
Engagement in the HIV continuum of care among MSM and FSWs in major cities in Togo and Burkina Faso was shown to be below the standard of the UNAIDS 90-90-90 targets, including low proportions of previous HIV testing, previous HIV diagnosis, and ART use. Priority interventions should include routine and frequent HIV testing and linkage into evidence-based and human rights-affirming HIV treatment services. Population-size estimates can be used to inform governments, policy makers, and funding agencies about elements of HIV service coverage that are most needed.
